Supplementary Figure 3: Correlations of distinguishable photons Theoretical correlation maps
for a pair of distinguishable photons after propagating through a -lattice. The photon density at the output is shown on the right side of the map.
Supplementary Note 1
As additional classical experiments we examine a well-known example of a FT pair, the top-hat function whose FT is a sinc function. This input state is intentionally chosen to illustrate the difference between the FT and the DFrFT when the continuous limit is not met. The input fields are prepared by tailoring laser light at a wavelength of 632 nm using a SLM (Holoeye Pluto VIS).
In order to be able to shape the input field at will, we modulate amplitude and phase. Since this SLM allows for phase modulation only, the amplitude modulation is realized by imprinting an extra phase grating onto the SLM. The first diffraction order can thus be modulated in amplitude as well (1). An initial Gaussian beam at a wavelength of 632 nm is expanded to homogeneously With a second camera behind the chip we record the intensity distribution, e.g. in the output plane. The sample itself is mounted on a rotation stage for controlling the tilt of the sample's front facet with respect to the phase front of the incident light.
In Supplementary Figure 1a , we show an initial top-hat pattern covering 4 waveguides at the edge of the array (top panel). We thus break the correspondence to the harmonic oscillator as explained at the end of section " -photonic lattices as discrete harmonic oscillators " in the Methods. There is no phase shift between adjacent sites. The angle between phase front and the sample's front facet is adjusted to zero by maximizing the incoupling efficiency of a Figure 1B) . This is achieved by tilting the array by an angle of approximately 0.01°. This very small tilt is not significantly influencing the input intensity distribution which is created by the 4f-setup. As can be seen, the ramping phase in the input field does not result in a pure spatial displacement at ⁄ . Again there are deviations between the DFrFT and the shifted sinc function, meaning that the continuous limit is not achieved.
Supplementary Note 2
In order to assess the statistical consistency of the results in Fig. 4 As a result, the building-up of non-classical correlations is prevented. Evidently, the correlation maps obtained either with the product state or the entangled state in the main text (Fig. 4) show a checkerboard pattern, as states are suppressed due to destructive interference between the different paths each photon can take. This is in strong contrast to the simulation presented here.
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